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AnsrMer all questions Time : Two ho'rs

1 Dr:scribe fhe steps irvoh'cd il1 a Insthemalical n]odel building proccss.

At 1.00 prn. \'Iary puiis into a rcliig-.rator a can ofsoda thiit has beer sitting ir a room .)l

te rlxirature 70'i'. The l,emperatL[.' in th€ tefrigcralor is 40"I. Fiftccn miNrtcs ]ater.

a1 1.15 pm, the tempcralu.e ol the soda has fallen to 60.f. At sorDe latel tiure, X{arv

rcnnres rhc sodd" from thc reftigcrrtor to thc room, u,hcre at 2.00 Ijllr the Lcxnperaturc

of thc sorla is 60"1'. At what Lirle dicL l,Iary rcmove thc so.la from the refrigctator?

2. (a) WiLh the usrral noration, obtain the logistic lax, o[ Iropulatiolr grolth of a singlo

spe.ies. Filrrl the lirnit valuc of th,. popullrtion.

(h) A lropulation of bact{jria gro$,s lnBi\iii allv. Su1rp,rs,,r1re inrtiirl pol,nlAliotr is

3 rng of bactcria thc cauying capacitr is 100 rrg. ancl l,he grou,tlr parameler is {J.2

hour r.

i. Fird the .lillerential eqration satisficd bv tlx,population.

i'. I irr'r rlrn 1',p'1ls io|t all rin,..

iii. Wh€D \\,i11 thc population reach 90 mg?

i\'. wlrcn u'ill ihc pot)r arion rc.ich 200 rrgl,



3. (a) A Lanchester corrlbar nod€l cl.iscribing a mixed ronve|i.ional guerrilla

VlEl'NAN{) is gir.en by thc svstcm of ordilrarv dillcrential equalidrs

i. Irind the alt equilibrirtrn solutiots of the model.

ii. The model ha\-e a c1-cle I clefinec1 by parDrnelric eqrEtiotls r : z(t).

,lt
; : .,r(l) s.r(l)s(l) - P(t),

dg

* : -cr(L) dlr(tJ + Q(t).

i. llxplain thr: above morlel.

ii. Supposc that rro rcinforcemenii arrivc and no oPeraliollal losses occur

rnodel. Shorv that gtl2(t) :2t:tt(t) + (gu\ - 2art), where ro .ind g0 a€

slrengths.

iii. Whcn do .onventiorrai forces win the coxrl)a| i

(b) Consi(Ier the {bllo$,irg quaclratic modet .rI lwo int€rrs.ctillS spccics l, and !:

dr
a : x(4 r. ,): : y(13 5t - 3y)

dtt

dt

Lr.riou / rn Ll! pufulaltulr 'rrlc,lrjln . 
ihu$ lral rl,p ,\, fa!F o

,,-ti l. J,t Ltt .t"'a ,f",t,.',"'ui'.n^r-I
,1. (a) A t:r k with cap.icity 500 galtol$ initially conlaiDs 200 8,allol1s $'ater 11'i

pounds of sall jn solutirrn. \Vater conLaining 1 pouncl salt pcr gallott

tank a1j a ratc of 3 gallons per mimrlic. The r|ixtrue flows oul crf lhc tank ai

of 2 gatloDs per njnule. Fintl Lhe concentrali.n of salt in the lank just

overflorls.

(b) Considcr rr r'-ehicles travciing ir a straight line. If V,(t) is the speed of ntr

at time t. obtain the rnodel

fr^,u1: r,;,(r) - 11,r r(,) I

lnterpret this equatii)n alld show that

tl
\.,rr/, ,l ' vtt d d.t(' r,r J,

uherc V1(l) is the spccd ol the lcad \ehicle
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